. Purpose: We examined how total volume of physical activity and reallocation of time spent at various objectively measured intensities of physical activity (PA) were associated with overall and abdominal fat distribution in adult Inuit in Greenland. Methods: Data were collected as part of a countrywide cross-sectional health survey in Greenland. A combined accelerometer and HR monitor measured total physical activity energy expenditure (PAEE) and intensities of PA (N = 1536). Visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) were assessed by ultrasonography. Isotemporal substitution modeling was used to analyze the association between substitution of 1 h of sedentary time to light-or moderate-intensity PA and 1 h light-intensity PA to moderate-or vigorous-intensity PA in relation to body mass index (BMI), waist circumference (WC), SAT, and VAT. Results: A negative linear association was found for total PAEE and BMI, WC, VAT, and SAT. Exchanging 1 h of sedentary time with light-intensity PA was associated with lower WC (j0.6 cm, P = 0.01), SAT (j0.08 cm, P G 0.001), and VAT (j0.04 cm, P = 0.359). Exchanging light-intensity PA with vigorous-intensity PA resulted in j6.1-cm lower WC (P G 0.001), j0.7-cm lower VAT (P = 0.018) and j0.7-cm lower SAT (P G 0.001). When further adjusting for BMI, the associations were attenuated; however, most of them remained significant, and the directions were mostly unchanged. All 1-, 5-, and 10-min bouts of MVPA were negatively associated with overall and abdominal fat distribution. Conclusion: Physical activity energy expenditure is associated with lower BMI, WC, and abdominal fat among Greenland Inuit. The importance of promoting an upward shift of the whole PA intensity distribution and to spur even short bouts of MVPA to limit excessive accumulation of SAT and VAT is highlighted.
I
nuit populations throughout the Arctic are facing a high and growing prevalence of overall and abdominal obesity (1, 3) . Accumulation of visceral fat is a serious public health problem due to its association with metabolic disturbances, such as type 2 diabetes (35) . Worldwide, growing evidence supports a negative association between total physical activity (PA) and abdominal fat, particularly visceral fat, independent of overall obesity (10, 11, 36) . Some studies have shown that higher-intensity PA reduces abdominal fat accumulation more effectively than low-intensity PA (7, 16, 22, 34) . In Greenland, total energy expenditure from physical activity has recently been found to be associated with the early development of type 2 diabetes in Greenland. Abdominal obesity was suggested as a potential mediator of this association (7).
Ethnic differences in abdominal fat distribution are well known (18) . A study among Inuit in Greenland showed a relatively greater amount of subcutaneous fat than visceral fat compared with western populations. Subcutaneous fat is suggested to contribute relatively more to waist circumference (WC) levels in Greenland and is suggested as a potential explanation for a lower metabolic risk for a given level of obesity compared with western populations (17) .
A limited number of studies have examined how reallocating time spent on different intensities of PA and sedentary behavior is associated with abdominal fat distribution and studies differentiate widely in study sample and measurement methods. In addition, most population-based studies are based on selfreported PA and proxy measures for abdominal fat distribution, such as WC, which do not allow differentiation between visceral and subcutaneous fat distribution (13, 20, 26, 31, 34, 37) .
The overall aim of this study was first, to examine how objectively measured PA energy expenditure was related to body mass index (BMI), waist circumference (WC), visceral adipose tissue (VAT) and subcutaneous abdominal adipose tissue (SAT).
Second, to examine how reallocating time spent at various intensities and bout patterns of PA was associated with abdominal fat distribution in a population-based study of adult Inuit in Greenland.
METHODS
Study population. Data are from the Inuit Health in Transition study from 2005 to 2010 (2). In brief, data were collected as part of a countrywide cross-sectional health survey in Greenland. The total population of Greenland is 57,000 of whom 90% are ethnic Greenlanders (Inuit). Genetically, Greenlanders are Inuit with a mixture of European, mainly Danish genes (21) . They are genetically and culturally related to the Inuit in Canada and Alaska and the Yupiit of Alaska and Siberia. Greenland's 80 communities are all located on the coast and are divided into towns (between 469 and 15,469 inhabitants) and villages (up to about 550 inhabitants). Participants were selected as a stratified random sample. Greenland was divided into strata based on geography (South-West coast, Central-West coast, North-West coast, East Greenland, North Greenland) and community size (towns with Q2000 inhabitants; towns with G2000 inhabitants; and villages). From each of these strata, one or more towns and at least two villages were selected for the study as representative of the stratum with regard to living conditions. A random sample was drawn from the population register to obtain around 300 participants from each town. Villages were chosen at random in the strata, and all adults in selected villages were invited to participate. Information on adults age 18 yr and older, born in Greenland or Denmark, in 9 towns and 13 villages. Ethnicity as Greenlander or Dane was determined at enrolment based on the primary language of the participant and self-identification. The current study focuses on Greenlanders only. The study was approved by the ethical review committee for Greenland. Written informed consent was obtained from all participants. A detailed description of the methods is available elsewhere (2) .
Procedures of health examination. Data were collected by questionnaires and a clinical examination. Information on lifestyle was collected by interview.
Anthropometric measurements. Height was measured without shoes to the nearest millimetre and weight was measured to the nearest 0.1 kg with the participants wearing light indoor clothing. BMI was calculated as weight/height 2 . The WC of the standing participant was measured midway between the iliac crest and the costal margin. A Pie Medical ultrasound system with a 3C-RS curved transducer was applied to determine visceral and subcutaneous fat according to a validated protocol (25, 33) . Visceral fat was defined as the distance in centimeters from the peritoneum to the lumbar spine, and subcutaneous abdominal fat was defined as the distance in centimeters from the skin to the linea alba. Both measurements were obtained from where the xiphoid line and the WC met. A minimal pressure was applied to ensure no displacement of the abdominal cavity, and measurements were made at the end of expiration. Coefficients of variation for intraobserver and interobserver variations were in the range of 1.9%-5.6%.
Combined accelerometry and HR monitoring. A combined accelerometer and HR monitor (ACC + HR) (Actiheart; CamNtech Ltd, Papworth, UK) (4) was provided to a subgroup of the participants (n = 2055) and attached to the participant_s chest by two standard ECG electrodes (MXC55 MediMax, UK). Acceleration and HR was measured in 30-s intervals. The participants were asked to wear the monitor 24 hId j1 for up to 5 d. However, not all were able to wear it for this period, and not all participants were given a monitor due to study logistics, such as limited time available at each study location and a limited stock of monitors. The first 135 study participants also performed an individual calibration test (8-min step test) used to define a populationspecific calibration equation of the HR-activity energy expenditure relationship. Baseline characteristics were not different between the subgroup and the total study population. Heart rate was preprocessed using Gaussian Process regression (32) . Caloric intensity of PA was estimated by combining the acceleration-based estimate of intensity (6) ), using a standard definition of 1 MET. Minutes spent on 1-, 5-, and 10-min bouts of moderate to vigorous-intensity PA (MVPA), corresponding to an intensity level above 3 METs, was calculated by the estimated fraction of time spent on different bouts of MVPA.
Data on PA were obtained from 2055 participants (n = 2045 Inuit) as a part of the Inuit Health in Transition study [2005] [2006] [2007] [2008] [2009] [2010] in Greenland. After excluding recordings with invalid PA data, for example, incomplete data on either HR or accelerometry, data from 1497 participants with complete data from ACC + HR monitoring for 48 h or more were available for analysis.
Statistical methods. Descriptive characteristics of the study sample are presented as means with range or medians with interquartile range (IQR) due to skewed distributed variables.
The association between PAEE and overall and abdominal fat distribution was examined by multivariable linear regression models. Model 1 was adjusted for sex, age, smoking, and fraction of weekend wear time. Model 2 was further adjusted for BMI. A test for nonlinearity was applied by adding a squared term for PAEE and left out if nonsignificant. The beta coefficients from the multivariate analysis of PAEE should be interpreted as the difference in the outcome measure for every 10 kJIkg j1 Id j1 difference in PAEE. To examine the theoretical effect of reallocating time spent in one intensity category with the same amount of time spent in another intensity category and the association with overall adiposity (BMI) and abdominal fat distribution, we used isotemporal substitution analyses in a linear regression model constrained to total observed physical activity.
Coefficients for the isotemporal substitution models represent the estimated effects of substituting one PA intensity category for the intensity of the single excluded intensity category while holding total physical activity time constant leaving out sleep time. We examined the replacement of 1 h of sedentary time with 1 h of light-intensity PA and moderateintensity PA, 1 h of light-intensity PA with moderate-and vigorous-intensity PA. Replacement of sedentary time with vigorous activity was not considered realistic from a public health perspective. We examined the significance of the crossproduct between sex, menopausal status, and PA measures in the analyses to test for sex interactions. Although no interaction was observed, analyses were performed for the total study population. Moreover, obesity measures were standardized to a mean of 0 and SD of 1 to facilitate comparisons.
The associations of 1-, 5-, and 10-min bouts of MVPA with overall obesity and abdominal fat distribution was investigated by linear regression analyses adjusting for sex, age, smoking, and fraction of weekend wear time.
Sensitivity analyses were performed including only participants with ACC + HR monitoring of Q72 h. Gaussian Process regression of HR was performed in JAVA using a MySQL database, and all other analyses were carried out in STATA version 14.
RESULTS
Participant characteristics are presented in Table 1 . Mean age was 43.9 yr (range, 18-84) yr and 43.6% were men.
Women had higher levels of BMI, WC, and subcutaneous fat than men, but lower median visceral fat: 6.5 cm (IQR, Total daily time spent on vigorous-intensity PA was 6.1 min (IQR, 0.9-18.6) and 3.0 minId j1 (IQR, 0.3-9.9) for men and women. Multivariable analyses of total PAEE and BMI, WC, subcutaneous fat, and visceral fat showed statistically significant negative associations with lower levels of overall and abdominal fat with higher PAEE (Table 2 ). The directions of the associations were mostly unchanged when further adjusting for BMI although not statistically significant for all outcome measures. Adding a quadratic term did not provide evidence against the linearity between PAEE and abdominal fat.
Results from the isotemporal analyses showed that replacing 1 h of sedentary time with light-or moderate-intensity PA was associated with lower BMI, WC, VAT, and SAT, although associations were no longer statistically significant after adjusting for BMI ( Table 3 ). The same pattern was found for reallocating light-intensity PA with moderate-intensity PA. Replacing 1 h of light-intensity PA with vigorous-intensity PA was found to be most strongly associated with lower abdominal fat with j6.1-cm lower WC (95% confidence interval [CI], j9.20 to j2.30) corresponding to a 6.4% reduction, j0.7-cm lower visceral fat (95% CI, j1.21 to j0.11) corresponding to 7.8% reduction and j0.7-cm lower subcutaneous fat (95% CI, j1.01 to j0.34) corresponding to a 35.7% reduction. When further adjusting for BMI, the directions of the associations were unchanged; however, no longer statistically significant for visceral fat.
Similar patterns were found for reallocating time spent on moderate-intensity PA with vigorous-intensity PA (data not shown). The multiple adjusted A coefficients interpret the size of the association between isotemporal replacements in PA on SD change in obesity measures (Fig. 1) . Overall, the magnitude of the association was similar for BMI, WC, VAT, and SAT.
Analyses of time spent on 1-, 5-, and 10-min bouts of MVPA showed that men compared with women spent more time on 10-min bouts of PA with a median of 31 min for men, and a median of 13 minId j1 for women ( Table 1) . The results of the regression analyses in Table 4 showed a negative association between 1-, 5-, and 10-min bouts of PA and overall and abdominal fat distribution (P G 0.001). The beta coefficients indicated a trend for lower WC, BMI, SAT, and VAT by increasing length of activity bouts from 1-to 5-min bouts of MVPA but no difference between 5-and 10-min bouts of MVPA; however, the CI were overlapping.
DISCUSSION
We found that physical activity measured as total energy expenditure was negatively related to BMI, WC, visceral fat, and subcutaneous fat for men and women independently of BMI among Greenland Inuit. This finding is in accordance with other studies. A 10-kJIkg j1 Id j1 increase in PAEE corresponded to a 0.9-cm lower WC and a 1-mm lower accumulation of visceral and subcutaneous fat. This difference could be achieved with an extra hour of gentle walking each day. Our analyses indicated a linear association between PAEE, which are found in a number of other studies (24) .
Increasing physical activity intensity resulted in overall favorable results on abdominal fat distribution.
Replacing time spent in lower to higher intensities of PA revealed a negative association with accumulation of both subcutaneous and visceral fat and WC, especially for more time being vigorously physically active. When further adjusting for BMI, the associations were overall attenuated; however, the directions of the associations were unchanged and associations remained statistically significant except for visceral fat.
Overall, our findings correspond to those found in a study of Philipsen and colleagues (26) using both objective measures of physical activity and ultrasonography. The effect of high-intensity PA on visceral fat accumulation has been supported by other studies. Vissers and colleagues (34) presented in a systematic review and meta-analysis that aerobic exercise of moderate or high intensity had the highest potential to reduce visceral adipose tissue in overweight men and women. Subcutaneous fat is found to be less metabolically active compared with visceral fat, and in the literature, it has been suggested that visceral fat might be especially sensitive to the adrenal-driven adipocyte lipolysis that occurs with vigorous exercise (23). However, both VAT and SAT has been found to be associated with cardiovascular risk independent of overall obesity, indicating a clinical relevance of the lower SAT found in the present study (29) . We found no difference in the associations with PA intensity across components of abdominal fat distribution, suggesting that health benefits from physical activity relate to an overall reduction in adipose tissue rather than a reduction in ectopic fat distribution. This may appear surprising because reduction in visceral adipose tissue has been hypothesized as one of the mechanisms underlying long-term effects of physical activity on, for example, glucose metabolism (26) .
When replacing sedentary time with light-or moderateintensity PA and adjusting for BMI, the association with abdominal fat distribution measures was no longer statistically significant. This may appear surprising. However, the measurement of PA with Actiheart did not allow a clear distinction between sleep time and sedentary time. Thus, some of the observed associations may reflect less time spent sleeping which in turn is known to increase risk of obesity. Moreover, it is possible that moving from sedentary to light-intensity PA is of less importance for abdominal fat accumulation, given the very high level of PA in this population. Studies on sedentary behavior and abdominal fat distribution are still limited (14, 15) , and the results somewhat conflicting. Results from a 6-yr follow-up study showed that changes in sedentary behavior were not associated with changes in visceral adiposity in adults (28) .
It has been suggested that changes in sedentary behavior could be related to other parts of the regional fat distribution than visceral fat and subcutaneous fat. A study of Larsen and colleagues (19) found that greater PA was associated with less visceral fat while greater sedentary time was associated with pericardial fat and concluded that sitting and PA had different associations with regional fat depositions in older adults. In line with the rapid changes in lifestyle among Inuit and the large proportion of the day spent sedentary and on lightintensity PA, the potential effect of reallocating sedentary behavior-even to light-intensity PA on regional fat distribution should be further investigated in a prospective design.
Wientzek and colleagues (37) investigated the effect of cardiorespiratory fitness (CRF), PA, MVPA, and sedentary time on anthropometric markers in men and women. Interestingly, CRF appeared to attenuate associations between PA, MVPA, and sedentary time with abdominal adiposity indicating a possibly important role of CRF for abdominal obesity.
International guidelines have stated that physical activity should be performed in bouts of at least 10 min to achieve health benefits and most questionnaires are asking for activities of at least 10 min to be included in the response of the participants. An increasing amount of exercise intervention studies have compared longer bouts of exercise with accumulated shorter exercise bouts on different health outcomes. A study of Eriksen et al (12) compared the effects on glycemic control of two different exercise protocols in elderly men with type 2 diabetes mellitus and found that moderate-to high-intensity training performed at 3 Â 10 minId j1 was preferable to 1 Â 30 minId j1 with regard to effects on glycemic control. However, it has been stated that further research is required to determine health effects of even shorter bouts of accumulated exercise (G10 min). In the present study, we were able to differentiate between minutes spent on 1-, 5-, and 10-min bouts of MVPA. In simple regression analyses, we demonstrated negative associations between 1-, 5-, and 10-min bouts of MVPA and abdominal fat distribution. Moreover, the results indicated a health benefit of increasing bouts of activity from 1 to 5 min, but no further benefits for 10-min bouts. However, sample size might be a potential limitation for studying these differences. Promoting shorter bouts compared with longer bouts of MVPA may be of potential high relevance among those with the lowest activity level, and the health effects should be investigated further.
Strengths and limitations. To our knowledge, this is the first study to report on associations between objectively measured PA and abdominal fat distribution in a nonwestern population. A major strength is the large numbers of participants with objective measures of PA allowing for the investigation of intensities of PA. Issues of recall bias are avoided by the use of body-worn monitor-based measures of PA. All though not all participants were objectively monitored for 48 h or more, this subsample still represents the largest study conducted to date in this population. Furthermore, participants included in the subsample differed only very little in age, sex, and residence compared with participants without ACC + HR data, which implies a fairly representative sample meaning that results will apply to the adult population of Greenland (7) . Lastly, we conducted sensitivity analyses to ascertain the impact of restricting our analyses to participants providing at TABLE 4. Regression coefficients (95% CI) for WC, VAT, and SAT according to time spent on 1-, 5-, and 10-min bouts of MVPA. least 72 h of valid PA data. The results are not presented because they were not materially different in relation to the size of the beta-coefficients. A number of studies have shown that relying only on measures of BMI and WC may result in a misclassification of individuals in terms of visceral fat and metabolic risk (17, 27) . We used abdominal fat distribution measured by ultrasound. The criterion standard for measuring abdominal fat distribution is commuted tomography (CT) and magnetic resonance imaging (MRI) (30) . However, using these methods in a population based study is not feasible due to costs, accessibility and logistics. Ultrasound measurements to measure abdominal fat distribution has shown to be a validated method compared to CT and MRI and is feasible to use for epidemiological purpose (8, 9, 33) .
One limitation in our study is the cross-sectional design, and reverse causality cannot be excluded. In a follow-up study of objectively measured PA and abdominal fat, it was found that the association between body fat and MVPA was stronger than the reciprocal association (13) . The isotemporal replacement analyses are modeled examples, and although we made adjustment for relevant confounders, there is a risk of residual confounding.
Lastly, arbitrary cutpoints for PA intensity introduce a risk of misclassification of the intensity level and the fact that increasing the intensity level will result in a higher PAEE independently of total time introduces a possible overestimation of the size of the association.
CONCLUSIONS
Along with the rapid social, economic, and cultural transition among indigenous people in the Arctic, a more sedentary lifestyle is expected. In conclusion, this study confirms that increasing total PAEE matters in relation to abdominal fat distribution among Inuit in Greenland. Especially being more vigorously physically active was related to a lower accumulation of both subcutaneous and visceral fat. However, also reallocating sedentary time to moderate-intensity PA might be of great relevance for decreasing abdominal obesity on a population level. Moreover, this study indicates that even bouts of 1 min of moderate to vigorous PA have a potential effect on abdominal fat distribution. The results of this study can be used in the specification of recommendations for physical activity and contribute to the prevention of the increasing burden of abdominal obesity and type 2 diabetes in Greenland. The results of the present study do not constitute endorsement by the American College of Sports Medicine. The authors declare that the results of the study are presented clearly, honestly, and without fabrication, falsification, or inappropriate data manipulation.
